A composite of cocoa (Theobroma cacao) pod husk (CPH) fiber reinforced themoplastic polyurethane (TPU) was prepared by melt-blending method followed by compression moulding. Specimens were cut from the sheets that were prepared by compression moulding. The criteria of optimization was testing the specimens by tensile test and comparing the ultimate tensile strength. The aim of this study is to optimize processing parameters and fiber loading using Taguchi approach. These four parameters were investigated in three levels each. The L9 orthogonal array was used based on the number of parameters and levels that have been selected. Furthermore ANOVA was used to determine the significance of parameters. The processing parameters chosen for this study were temperature, speed and time of processing and fiber content. The results showed that optimum values were 190 o C, 40 rpm, 11min and 30% for processing temperature, processing speed, processing time and fiber content; respectively. Using ANOVA; fiber content showed the highest significance value followed by processing time. Processing temperature and speed showed no significance in the optimization of TPU/CPH.
Introduction
Natural fiber reinforced polymer composites are becoming more attractive due to several benefits such as reduction in weight and cost, less abrasiveness to equipment and renewability [1] . Incompatibility is one of the obstacles that face natural fiber polymer composites. Incompatibility is caused by hydrophobicity of most polymers used in this field vs hydrophilicity of natural fibers. This causes fiber/polymer lack of adhesion and wettability, therefore compatibilizeres are to be used in the interface to enhance the adhesion and compatibility. In this paper the advantage of polyurethane is its hydrophilicity.
Polyurethane main components are polyols and isocyanates. Active isocyanate group can react with the most materials that have active hydrogen groups [2] . Polyurethane thermoset was reinforced with rice husk [3] , sisal [4] , oil palm empty fruit bunch [5] [6] [7] [8] , flax and jute [9] , and hard wood [10] . Thermoplastic polyurethane has been reinforced with synthetic fibers such as glass [11] , aramid [12] and carbon fiber [13] . Thermoplastic polyurethane was reinforced with kenaf fibers.
Natural fibers reinforced thermoplastic polyurethane TPU composites were studied by the authors [2, [14] [15] [16] [17] [18] . It was found that kenaf fibers were compatible with TPU. It was found that TPU was compatible with kenaf. The authors decided to study reinforcing TPU with waste fibers such as cocoa pod husk (CPH) fibers. CPH is an abundant material in Malaysia. The pod husk represents 52-76% of the cocoa fruit is [19] . The world annual production of cocoa beans is more than 4000 thousand tons in 2010/11. This means that approximately 8000-12000 tons is the pod husk that is produced annually. Utilizing this huge amount in fiber/polymer composites is one of the options to benefit from this material.
Proper optimization for parameters such as temperature, time, and speed should be considered when producing a composite material using internal mixer. The main objective of this study is to optimize processing parameters and fibers content for TPU/CPH composites by using Taguchi method to have a combination of optimized parameters. The second objective is to determine the significance of parameters using ANOVA.
Material
Polyester based thermoplastic polyurethane (TPU) was supplied by Bayer Co. (Malaysia) Sdn Bhd, Petaling Jaya, Selangor, Malaysia. The properties of TPU are summarized at 
Method
Preparation of Composite. TPU/CPH composite was mixed using Haake Polydrive R600 internal mixer. Matrix was charged into the mixer until torque was stabilized then fiber was added into the mixer. The sample was hot pressed for 10min at 190°C. Prior to full-press; the sample was preheated for 7min at 190°C. Then, the sheet was cold pressed at 25°C for 5min. Tensile Testing. Tensile properties were measured using Instron 3365 machine, according to ASTM D 638. The specimens were prepared by cutting them into dumbbell shapes using a hydraulic cutter machine. Five specimens were tested with crosshead speed of 5 mm/min. The Taguchi Approach. The Taguchi method is well known by simplification of experimental plan and feasibility of study of interaction between various parameters. In this method less number of experiments is carried-out, hence, less time and cost is reduced considerably. Main effect analysis is performed based on the average output of the quality characteristic at each parameter level. Analysis of variance (ANOVA) is used after that to appoint the significance and contribution of each of the processing parameters towards the output characteristic. Using the main effect and ANOVA a prediction of the best combination of optimum parameters can be calculated. Selection of Processing Parameters and Fiber Content. Three different temperatures were examined; 180, 190, and 200 °C. Three different times were examined; 11, 13, and 15 min. Three mixing speeds were chosen; namely, 30, 40, and 50 rpm. Finally, fiber content was also one of the parameters chosen due to its influence to the strength of the composite. Three fiber loadings were chosen (30, 40, and 50% fiber loading (by weight)). Effect of parameters and fiber loading was studied based on tensile strength as an essential test that indicates fiber-matrix interfacial bonding. Three levels are selected for each parameter as shown in Table 2 . The L9 orthogonal array (Table 3) will be used based on the number of factors and levels that have been selected previously. Nine experiments have been done with combination of different parameters as shown in Table 4 . A  B  C  D  1  1  1  1  1  2  1  2  2  2  3  1  3  3  3  4  2  1  2  3  5  2  2  3  1  6  2  3  1  2  7  3  1  3  2  8  3  2  1  3  9  3  3 2 1 30  11  20  2  180  40  13  30  3  180  50  15  40  4  190  30  13  40  5  190  40  15  20  6  190  50  11  30  7  200  30  15  30  8  200  40  11  40  9 200 50 13 20
Results and Discussion
After mixing CPH with TPU in the internal mixer, hot press machine was used to produce sheets of one millimeter thickness. Dog-bone shape tensile specimens were cut from the sheets using pneumatic cutter. Since tensile strength is the criterion that was chosen to study the optimum parameters then in determination of S/N ratio, the larger the better quality characteristic has been selected.
For bigger the better,
where MSD is the mean square deviation, y the observation or data and n is the number of tests in a trail.
The results that were calculated for tensile strength and S/N are summarized in Table 5 .
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Advances in Mechanical and Manufacturing Engineering From the data in Table 4 the average S/N ratio can be determined. The average effect factors are shown in Table 6 . The best combination of parameters can be observed in the Table. 6. The highest value from each figure represents the best level. Thus, level 2 from processing temperature (190 o C), level 2 from processing speed (40 rpm), level 1 from processing time (11min) and level 2 from fibercontent30%.
The data in Table 5 are analyzed using ANOVA. In order to determine the relative contribution of each parameter relative variances are compared. ANOVA will compute the following quantities which are summarized in Table 7: i. Degree of freedom (DOF) ii.
Sums of square iii. Variance iv.
F-ratio v.
Percentage contribution Table 7 .it can be seen that the highest contribution of all the factors is the fiber contentwhich is 76.46%, the contribution of processing speed comes next which is 16.29%. Lastly the processing temperature and speed got low percentage, thus these two factors can be considered insignificant.
Summary
By using Taguchi method nine trails were run. The optimum parameters that can result in the highest tensile strength are: processing temperature (190 o C), processing speed (40 rpm), processing time (11min) and fibercontent30%. Among these factors ANOVA analysis calculations showed that fiber content was the most significant parameter affecting the production of TPU/CPH. The processing speed was the second parameter. Processing temperature and speed were not significant in producing the composite. 
